River flooding has become a widely distributed and devastating natural disaster that has caused significant damages both economically and socially in Nigeria. Although, the Nigeria Meteorological Agency (NiMet) are always on time to provide flood warnings prior to flood disasters, spatial information pertaining to the areal extent vulnerable to the hazard are not usually made available. This study focuses on the application of geospatial techniques and quantitative research method for the assessment and analysis of flood risk and vulnerability assessment along the River Benue Basin of Kogi State. Digital Elevation Model (DEM) and Landsat Thematic Mapper (TM) images for 2010, 2014 and 2018 were used. These images were processed, digitized, interpolated, classified, overlaid and buffered using the ArcMap 10.3.1 GIS software to generate classified land use/cover maps, topographic map and flood physical vulnerability maps. Household questionnaires which contained structured questions were distributed and obtained to analyse the social-economic vulnerability of the study area using descriptive analysis. The study revealed that areas within 6-kilometre buffer from the River Benue are most vulnerable to flood hazard with the vulnerability decreasing towards the southern part. The two urban areas in the study area (Abejukolo and Oguma) are vulnerable to flood threat. Abejukolo is vulnerable due to high water footprint in the town and its surroundings. The factors that increase flood vulnerability of the inhabitants are low elevation, high illiteracy rate, high numbers of dependent population, poverty, low quality housing, poor land use and planning, inadequacy or absence of risk communication tools. The study recommends the development of guidelines for land use, continuous vulnerability mapping of the study area especially in the flood risk probability months (April to Oc-
Introduction
The National Oceanic and Atmospheric Administration [1] described flood as a discharge of water more than the carrying capacity of the available channel. It is a natural disaster which has considerable consequences on human life and the neighbouring environment. Flooding has claimed several lives, forced millions of people to flee their habitual homes, and caused serious ruins of assets and downgrading of many farmlands, wetlands, forest and other natural resources of the environment worldwide. According to [2] , flood disaster is regarded as the most common disaster in the world and evenly spread worldwide. In Nigeria, flooding has led to considerable socioeconomic wreck than any other natural disaster. Several literatures have shown that these three types of flood are the common flood disasters that have taken place in the Nigeria in years past. Among the highlighted flood types, river flooding is the most huge and usually most damaging. River flooding is notably extensive with regard to its drainage area, unlike coastal and urban flooding. For example, the major rivers in Nigeria (Niger and Benue) emerge by many urban areas. According to [3] , river flooding takes place in the floodplains of the great rivers. The effects of global warming and unregulated human activities contribute a great deal to this occurrence. Flood disaster is intensifying and quickly turning to an annual occurrence in Nigeria especially in the coastal regions while the dry northern regions of the country are not excluded too. According to a report by the Nigerian Hydrological Service Agency [4] , devastating flood disasters have occurred in the last 5 years in more than 15 states of Nigeria. The state includes Lagos, Oyo, Rivers, Niger, Kwara, Benue, Edo, Anambra, Ondo, Borno, Kogi, Osun, Delta, Sokoto, Ogun, Oyo, and Ekiti among others. It was also recorded that these flooding occur mostly between the month of July and October when excessive rainfall is experienced in the country. However, many of these flooding were linked to dam release/failure or other disequilibrium effects on the river channels such as tidal waves. Flooding has led to severe loss of lives, and properties along the river Niger and Benue basin. Many communities along the basin are constantly relocating and each time they relocate, they usually relocate to another flood risk zone which often leads them to another loss. Nigeria as a country has paid less attention to this risk. The approach to flood management requires a change of paradigm. In other to effec-tively manage future flood disaster worries in flood prone areas of the federation, there is need for the National Emergency Management Agency (NEMA) in collaboration with other disaster management stakeholders to be able to forecast, predict and relocate people who at the risk of flood disaster to safe location before flooding. To achieve this, it is important to embrace a competent model with geo-visualization proficiency to investigate, model and create figures for accurate and effectual judgement. Such task can be achieved through the use of geospatial technology. Geospatial technology involves the synthesis of Geographical Information System (GIS) and remote sensing (RS) methods. It is designed in a way that allows wide varieties of data to be inserted, manoeuvred, examined, scrutinised, and presented as information attributed to the earth. Moreover, [5] [6] [7] all affirmed that the use of information gotten remotely in GIS system has proven to be the best approach for evaluating river flooding and risk determination.
The paper aims at examining the area at flood risk while also determining the factors that increase the vulnerability of communities at flood risk.
The Study Area
The study area covers the river Benue basin in Kogi State, as shown in Figure 1 . Most towns and villages in the study area lack adequate water channel system as a result the low-lying nature and geology which results in water-logging in several areas.
Data and Research Methodology
The data used for this study was gotten from both primary and secondary sources.
Primary data was collected through questionnaires, interviews and Geographic
Positioning System (GPS) receiver in other to obtain coordinates of flood prone communities in the study area. Secondary data includes satellite imageries, topography maps and population data.
The questionnaire was aimed at assessing the socio economic vulnerability of some selected communities in the study area to flooding while The geographical information system (GIS) shape files gotten from digitized satellite imageries is aimed at determining areas at flood risk and assessing physical vulnerability of the areas to flood. Model was processed and classified within ArcMap 10.3.1 environment to obtain the elevation map of the area under study. Spatial data, which include land use/cover, elevation, river networks and channels retrieved in raster format, was vectorised using ArcGIS 10.3.1 sofware. Analytical operations which include data layers coordinate systems projection was carried out to integrate these data from different sources.
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Fieldwork and Primary Data Collection
The field work was carried out to validate the flood extent as captured by the satellite imageries and to identify other areas inundated by the flood. GPS receivers and printed copies of satellite imageries were used as the field tools to delineate inundated areas.
A survey of some selected communities in the study area was carried out during the field work and basic data on the socio-economic indices such as age, sex, literacy rate, employment status, etc. Were obtained using questionnaire and compiled.
Spatial Analysis Techniques
Spatial analyses of the study area carried out include buffer analysis and classification of terrain elevation. Vectorised river Benue basin including its tributaries was buffered. 20-kilometre buffer distance was marked on the Kogi state part of the Benue basin. Progressively, a 6-kilometre, 13-kilometre and 20-kilometre buffer distances were identified on the Kogi state part of the Benue basin. Terrain elevation was classified into two categories of 0 -30 meters and 30 -545 meters to represent low and high respectively.
Hazard Zoning
This different buffered layer was overlaid on the vectorised topographic strata using the ArcGis 10.3.1 software. The spatial intersect and erase overlay techniques was used to extract the potential flood risk areas from the overlaid buffered river basin and topographic map. The flood prone areas were classified with respect to magnitude based on elevation and distance from the river channels and water footprints in the study area. The study area was categorized into zones (high hazard, medium hazard, low hazard, and no hazard zones).
Assessment of Socio-Economic Vulnerability
Primary data gotten through household questionnaire deployed to some selected communities in the study area constitute the baseline data for this analysis. 364 households were sampled. Variables extracted from the baseline data were divided into demographic, socioeconomic and early warning system variables.
These variables include age (Children and elderly population), gender (male and female), literacy rate, income rate, housing types, early warning systems forecast, gadgets and information dissemination.
Results and Analysis
Change in Land Use/Cover for 2010, 2014 and 2018
Figures 2(a)-(c) present the land-use/cover data for the year 2010, 2014 and 2018 respectively. The land use/cover classification comprises of four categories: soil or rock, vegetation, water bodies and built-up areas. Table 1 showed the changes that have occurred on land use and land cover in the study area between 2010, 2014 and 2018. The rate of increase/decrease between 2010 and 2014 on soil/rock, vegetation, water bodies, and built-up areas were −5.9%, 1.1%, 6.1%, and 0.9% respectively. The highest positive change took place on water bodies, while the highest negative change took place on soil/rock in 2010/2014. This change could be attributed to the release of water from the Ladgo dam in Cameroon in 2012 which flooded the study area.
The rate of increase/decrease between 2014 and 2018 on soil/rock, vegetation, water bodies, and built-up areas were 8.3%, −8.3%, −8.0%, and 8.2% respectively while 2010 to 2018 increases were 2.4%, −9.4%, −1.9%, and 9.1% respectively. Thus, the highest positive change occurred on soil/rock and built-up areas while the highest negative change occurred on vegetation and water bodies in 2014/2018 as in 2010/2018. The positive changes can be attributed to overgrazing, increase in farming practices and rise in demand for shelter due to increasing human population. The negative changes could be attributed mainly to increasing deforestation, increase in drought event as a result of climate change effect, and intensified use of wetland for agriculture purposes.
Consequently, the increase in soil/rock, built-up areas, and decrease in vegetation due to population increase, economic activities, use of trees as fuel, logging coupled with low elevation can increase the vulnerability of households in the Benue basin to flood hazard. Figure 3 presents the elevation of the study area. Elevation order was obtained by classification of the DEMs and interpolation on base map of the study area. The figure shows that, the south eastern communities including Ojaji, Oliya, and Ebeje, are located within the high-elevated land. Naturally, low slope and low elevation are areas along the river basin watershed such as Oguma, Mozu, Ogba, Figure 4 presents the buffered map of the study area. This was performed to determine flood risk extent in accordance with proximity to river channel. It appears that areas, such as Oguma, Mozu, Bagana, Ogba, Icheu, Eroko, Koji and Akpaku, near the river network (6 km) are highly vulnerable to flood hazard. Areas such as Kofi, Kara, Odagba and Ohaife are at distance of 13 kilometres to the river, and are less vulnerable to flood hazard. The Southern region of the study area is not vulnerable to flood disaster by virtue of distance to the river Benue. They can be regarded as the safe zones where people can be advised to live or evacuation site during flooding in other to be safe from flood disaster. However, due to some active water channels such as river Omala in the southern eastern part, areas such as Abejukolo, Itobe, Ibado, Ajibu and it environment are vulnerable to flooding. Nevertheless, the effect of this parameter decreases in distances. Table 2 shows that children and elderly population constitutes 40.8% of the total population of the study area. The high percentage of the children and elderly population in the study area implies that the study area is highly vulnerable. This is as a result of increase in the burden of care following flooding and the ability to mobilise them out of harm's way during flooding. The elderly population is characterised by a decline in functional ability which could inhibit their state of alertness, risk perception, and mobility. This can considerably increase their vulnerability therefore making them potential victims of any natural disaster including flooding. Table 3 shows that female population constitutes 59.4% of the total population of the study area shows the dominance over male population (40.6%). This implies that the study area's population is vulnerable to flood disaster. Factors that increase the female vulnerability include restricted movement, lack of formal education due to religious and cultural believe, working of women in low wage informal sectors and earning lower wage than men, high household responsibilities of women which ranges from being a mother and care giver for both their children and the elderly. Moreover, until recently, most females in the study area commit their lives to household activities from an early age and have lesser opportunities to be involved in educational and social activities than males. This makes the female population highly vulnerable to natural hazards. Journal of Geographic Information System Table 4 shows that 52% of the population in the study area (17.3% and 34.7% primary education and lack of formal education respectively) constitute the illiterate population. This implies that the study area is vulnerable to flood. Illiterate people lack understanding about hazard cause, trigger factors, severity and effects. They are also ignorant of how to prepare for emergency mostly depending on others to prepare and evacuate themselves during an imminent disaster.
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Moreover, the inability of an illiterate to read or write constitutes a significant difficulty for prompt action during emergency situation. Table 5 shows that 31% and 9.3% of houses in the study area were constructed with mud and Mud/wooden frame respectively while 63.5% of the houses were located in risk areas. The quality of the Cement and mud houses found in the study area are substandard, while wooden houses are inferior and therefore at risk of severe damage during flood. Generally, residents in the study area lack maintenance and renovation culture even as substandard buildings have an extremely high density in flood plain areas. The damage caused by natural hazards is likely to be enormous in the study area as a result of great vulnerability exhibit by buildings located in close proximity to water bodies and substandard houses built on flood plains. The results presented on Table 5 showed that housing quality were not only poor but mostly situated in high flood risk areas. The great numbers of human lives and properties that reside in such poorly constructed buildings and risk areas are at great risk of flood hazard. The infrastructure and poorly constructed houses in the low-lying places and flood plains of the study area will be easily flooded and damaged during flooding. These factors could turn the natural hazard into a disaster. Table 6 and Table 7 show that, 57% constitute population of low income group, 41.6% constitute the population of the middle income group while only 1.3% of the population constitute the high income group. Unemployed members and the student population the study area constitute 34.5% and 28.2% respectively, while others (37.3%) are unemployed. Natural disasters impact more on the poor population because of their lack of resources to build or rebuild their homes and also meet other critical needs during a disaster cycle. This makes them unable to make adequate preparation for flood hazard thereby reducing their resistance and E. T. Umaru, A. Adedokun Journal of Geographic Information System Analysis shows that majority (62.9%) of the households that have access to weather information can only access temperature and precipitation while majority (50.5%) of the respondents only access weather information occasionally. This shows the high rate of vulnerability as a result of inadequate early warning systems in the study area.
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Assessment of Flood Early Warning System (EWS)
The residents of the study area have faith in the use of indigenous method for forecasting flood year. However this method will not be able to forecast flood caused by dam release or failure. This has been the cause of flooding in the study area over the years. 
Flood Hazard Map
Conclusion
The study has investigated flood risk and assesses vulnerability to flood along the River Benue Basin of Kogi state using geospatial techniques and survey. The study delineated the areas at flood risk, classified the vulnerable areas and pointed out the socio-economic factors which increase the population vulnerability in the river Benue basin of Kogi State. Many lives and property are liable to be damaged by flood as long as people continue to live in these areas prone to flood. The analysis shows that many communities settled too close to the river banks. In some cases, it seems the communities (Mozu and Bagana) are even on the river pathway. The influence of poverty on disaster cannot be overemphasised. To effectively manage risk and reduce vulnerability, economic safety nets and jobs opportunities should be created. This will eradicate poverty to a minimum level which in turn will help achieve the goal of disaster risk reduction. This study advocates the need for paradigm shift from the Nigeria conventional post disaster phases of flood disaster management which include response and resettlement to also include pre disaster phases of prevention and preparedness. A workable, proactive and people centred policy and plan together with results from this effort will greatly lower the vulnerability to flooding and provide an authentic control and dependable management.
Recommendations
Public awareness and education should be made in understandable languages by all relevant disaster management stakeholders in collaboration with the traditional institutions and faith based organisations in the communities on the dangers associated with constructing buildings on areas prone to flood and other practices that can alter the environment and originate risk to individuals. Journal of Geographic Information System 
